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PREFACE 

This thesis reports on research work related to the investigation of enamel wear prevention 

using a new remineralizing agent CPP-ACP (casein phosphopeptide – amorphous calcium 

phosphate nanocomplexes) that was carried out during my PhD candidature at the School of 

Dentistry, The University of Adelaide, from March 2005 until February 2009. Aspects of this 

research were conducted in collaboration with Prof David Bartlett from King’s College London, 

and with Dr Andrew Lewis and Prof Roger Smart from The University of South Australia. 

 

This thesis is structured in a combined conventional/ publication format and consists of nine 

chapters. A review of the literature, leading to the overall aims and hypotheses, is presented in 

Chapter 1, and the overall materials and methods are discussed in Chapter 2. Specific details 

relating to materials and methods for aspects of research have been discussed in Chapters 3, 4, 5 

and 6. The overall findings of this project, along with its significance and limitations, are 

discussed in Chapter 7, and a list of references is presented in Chapter 8. The Appendices are 

included in Chapter 9. 

 

Chapters 3, 4, 5 and 6 are written as manuscripts that have been accepted by, or are intended for 

submission to international journals. The Appendices (Chapter 9) comprise research 

publications related to the PhD project as well as other academic activities performed during the 

candidature. For example, paper 1 under Chapter 9, Section 1.1.1 (Arch Oral Biol 53: 1011-

1016) presents findings related to the work that was completed during the early phase of the 

PhD. While not specifically involving work presented in this thesis, this paper provides basic 

information about the role of third body components in lubricating the wear interface and forms 

the basis of the research protocol used in the PhD project. 

 

Chapter 3 represents a paper related to the effect of CPP-ACP on preventing enamel wear under 

conditions simulating attrition and erosion, and this paper has been accepted for publication in 
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the Archives of Oral Biology (Paper 2, Chapter 9, Section 1.1.1). Chapter 4 represents a 

manuscript on the effect of CPP-ACP on reducing erosive enamel wear involving toothbrush 

abrasion. This chapter forms part of a Journal of Dentistry paper relating to the investigation of 

CPP-ACP on both enamel and dentine wear (Paper 3, Chapter 9, Section 1.1.1). As this thesis 

focuses on enamel wear prevention, findings on dentine wear prevention have not been included 

in this chapter. Chapter 5 relates to the effect of CPP-ACP in reducing enamel erosion, and this 

paper will be submitted for publication after further experiments involving fluoride have been 

conducted (Paper 1, Chapter 9, Section 1.1.2). Chapter 6 covers preliminary findings on the 

spectral analysis of the enamel surface after treatment with CPP-ACP, and it will be submitted 

for publication after experiments on a larger sample have been conducted (Paper 2, Chapter 9, 

Section 1.1.2). 

 

A section on overall acknowledgements is included on pages xiv and xv of this thesis. Specific 

acknowledgements are also provided at the end of each chapter to conform with the format of 

manuscripts, and to highlight the contribution of different individuals, funding bodies and 

research centers relating to each manuscript. 
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ABSTRACT 

There is an increasing awareness in clinical dentistry of the need to better understand the 

aetiology and management of tooth wear, as increasing numbers of elderly patients are retaining 

their natural teeth to a stage when they present with extensive wear. In addition, more younger 

patients are presenting with wear of both primary and permanent teeth. In order to comply with 

the philosophy of minimal intervention dentistry, clinical management of tooth wear should 

focus on early detection and prevention before a restorative approach is considered. 

 

Fluoride is a commonly used agent in the management of tooth wear, with previous studies 

showing that it can protect teeth against erosion (at around pH 2.0 and 3.0) and toothbrush 

abrasion in an acidic environment (at around pH 3.0). However, it does not reduce attritional 

wear between opposing tooth specimens. Nightguards are commonly used to prevent attritional 

wear but there is still a need to improve preventive strategies to manage the risk of erosive tooth 

wear. 

 

Previous in vitro studies have shown that a remineralizing agent in the form of CPP-ACP (casein 

phosphopeptide – amorphous calcium phosphate) can reduce erosion of both enamel and dentine 

by white wine. A recent study has also highlighted the potential lubricating and remineralizing 

properties of a CPP-ACP containing paste (Tooth Mousse®, G C Asia Pty Ltd) in reducing 

dentine wear in both an acidic environment (pH 3.0) and a near neutral environment (pH 6.1). In 

this context, it is desirable to investigate the effect of CPP-ACP on enamel wear under 

conditions simulating various clinical situations and to better understand the nature of third-body 

components at the wear interface. 

 

The aims of the present study were: (i) to determine the effect of CPP-ACP on enamel wear under 

conditions simulating three clinical situations: heavy attrition with gastric regurgitation (at pH 

1.2); toothbrush abrasion after an erosive episode (at pH 3.2); and erosion from gastric 
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regurgitation (at pH 1.2), and (ii) to clarify its mode of action by characterizing the enamel surface 

treated with CPP-ACP. Electro-mechanical tooth wear machines were used to simulate attrition 

and toothbrush abrasion in combination with erosion, but no machine was used in experiments 

investigation erosion alone. The effect of paste containing CPP-ACP in reducing erosive tooth 

wear was also compared with that without CPP-ACP. Enamel surfaces with and without treatment 

with CPP-ACP were then characterized by using Time of Flight – Secondary Ion Mass 

Spectrometry (ToF-SIMS). 

 

CPP-ACP was found to reduce enamel wear under conditions simulating heavy attrition 

combined with gastric regurgitation, and toothbrush abrasion after an erosive episode. However, 

it did not protect enamel from erosion under conditions simulating gastric regurgitation alone, 

indicating that its lubricating effect was more pronounced than its remineralizing effect. Silicone 

and ethyl siloxane were present in trace amounts on the enamel surface treated with Tooth 

Mousse®, thus they were found to be included in its formulation. These findings imply that 

CPP-ACP nanocomplexes and silicon can act as third body components to lubricate the wear 

interface. 

 

The findings presented in this thesis have implications for clinical management of tooth wear 

and may lead to new strategies of tooth wear prevention. Although some caution is needed in 

extrapolating these findings to the in vivo situation, it should be noted that in vitro studies 

provide valuable insights into separate components of the tooth wear process that are often 

difficult to distinguish in clinical situations. Overall, this thesis provides new information about 

the role of CPP-ACP in reducing erosive enamel wear and provides a basis for future 

experimental and clinical studies focussing on tooth wear prevention. 
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